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Considerable  evidence  suggests  that  the  metabolism  of  lymphokine  mRNAs  can  be  selectively  regulated 
within  the  cytoplasm.  However,  little  is  known  about  the  mcchanism(s)  that  cells  use  to  discriminate 
lymphokine  mRNAs  from  other  mRNAs  within  the  cytoplasm.  In  this  study  we  report  a  sequence-specific 
cytoplasmic  factor  (.AU-B)  that  binds  specifically  to  AUUUA  multimers  pre.senl  in  the  3'  untranslated  region  of 
lymphokine  mRNAs.  AU-B  does  not  bind  to  monomeric  AUUUA  motifs  nor  to  other  AU-rich  sequences  present 
in  the  3'  untranslated  region  of  c-myc  mRNA.  AU-B  RNA-binding  activity  is  not  present  in  quiescent  T  cells 
but  is  rapidly  induced  by  stimulation  of  the  T-cell  rcceptor/CD3  complex.  Induction  of  AU-B  R.NA-binding 
activity  requires  new  RNA  and  protein  synthesis.  Stabilization  of  lymphokine  mRN.A  induced  by  costimulation 
with  phorbol  myristate  acetate  correlates  inversely  with  binding  by  AU-B.  Together,  these  data  suggest  that 
AU-B  is  a  cytoplasmic  regulator  of  lymphokine  mRNA  metabolism.. 


Although  the  primary  control  of  eukaryotic  gene  e.xpres- 
sion  occurs  at  the  transcriptional  level,  it  has  become  clear 
that  posttranscriptional  mechanisms  also  play  important 
roles  in  gene  regulation.  For  instance,  the  efficiency  of 
nuclear  RNA  splicing  and  processing  has  been  suggested  to 
play  a  regulatory  role  in  the  expression  of  some  genes  (21). 
Within  the  cytoplasm,  selective  mRNA  compartmcntaliza- 
tion  (30).  translation  (4, 6. 15),  and  degradation  (3, 12.  19.  20, 
27)  can  each  influence  the  final  level  of  gene  expression.  In 
order  for  gene  expression  to  be  regulated  selectively  at  any 
level,  the  cell  must  have  a  means  to  discriminate  between 
genes  or  their  products.  For  example,  selective  gene  expres¬ 
sion  is  regulated  at  the  transcriptional  level  in  part  by 
interactions  between  sequence-specific  nuclear  DNA-bind- 
ing  proteins  (transcription  factors)  and  sequence  motifs 
within  promoter/enhancer  regions  (for  a  review,  sec  refer¬ 
ence  18).  This  study  was  undertaken  to  determine  whether 
similar  sequence-specific  cytoplasmic  RNA-binding  factors 
are  involved  in  regulating  cytoplasmic  mRNA  metabolism. 

Transcripts  from  many  transiently  expressed  genes,  in¬ 
cluding  lymphokine  genes  and  the  proto-oncogenes  c-myc 
and  c-fos.  contain  AU-rich  sequences  in  their  3'  untranslated 
regions  t  JTRs)  and  are  rapidly  degraded  in  the  cytoplasm  (5. 
16.  22-24).  Several  studies  have  demonstrated  that  the 
presence  of  AU-rich  sequences  in  the  3'  UTRs  of  a  variety  of 
eukaryotic  mRNAs  correlates  with  rapid  mRNA  degradation 
(for  a  review,  see  reference  8).  Deletion  of  AU-rich  se¬ 
quences  from  the  c-fos  (31)  or  c-myc  (10)  3'  UTR  confers 
stability  upon  transcripts  produced  from  transfected  con¬ 
structs.  Furthermore,  introduction  of  a  5Tnucleo(ide  AU- 
rich  sequence  from  the  granulocyte-macrophage  colony- 
stimulating  factor  (GM-CSF)  3'  UTR  into  the  3'  U  I'R  of  the 
rabbit  (l-globin  gene  confers  instability  upon  the  otherwise 
stable  p-globin  mRNA  (23).  Thus  AU-rich  sequences 
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present  in  the  3'  UTRs  of  certain  mRNAs  may  function  as 
destabilizing  elements  that  target  these  mRNAs  for  rapid 
cytoplasmic  degradtition. 

Although  3'  AU-rich  sequences  may  function  as  destabi¬ 
lizing  elements  in  lymphokine  as  well  as  proto-oncogene 
transcripts,  there  is  evidence  that  cells  can  diflcrcntially 
regulate  the  stability  of  lymphokine  and  proto-onccigene 
transcripts.  Degradation  of  a  number  of  lymphokine  mRNAs 
was  shown  to  be  regulated  dilTcrentially  from  c-myc  mRNA 
in  human  T  cells  (16).  Furthermore.  Schuler  and  Cole  (22) 
de.scribed  a  monocytic  cell  line  that  displayed  specific  cyto¬ 
plasmic  stabilization  of  GM-CSF  mRNA  while  c-myc  and 
c-fos  mRNAs  remtiined  unstable.  Transcripts  produced  in 
this  cell  line  from  hybrid  constructs  containing  the  3'  UTR  of 
the  GM-CSF.  c-myc,  or  c-fos  genes  linked  to  a  reporter  gene 
showed  the  same  stability  pattern  as  the  endogenous  tran¬ 
scripts:  the  GM-CSF  hybrid  transcript  was  stable  w'hilc  the 
c-myc  and  c-fos  hybrid  transcripts  were  unstable.  In  con¬ 
trast,  the  same  hybrid  GM-CSF  construct  produced  unstable 
transcripts  in  two  other  cell  lines.  This  observation  suggests 
that  GM-CSF  mRNA  stability  is  regulated  by  a  (ru/t.v-acting 
factor(s)  that  c;in  discriminate  between  the  3'  UTR  se¬ 
quences  in  GM-CSF  mRNA  and  the  3'  UTR  sequence  in 
c-myc  or  c-fo  :  mRNA. 

In  this  work  we  tissayed  cytoplasmic  extracts  from  puri¬ 
fied  human  T  cells  for  factors  that  bind  to  lymphokine  RNA 
but  not  c-myc  RNA.  We  identified  a  novel  cytoplasmic 
factor  (AU-B)  that  binds  to  AU-rich  sequences  present  in  the 
3'  UTR  of  intcrleukin-2  (lL-2).  tumor  necrosis  factor  alpha 
(TNF-a).  and  GM-CSF  mRNAs  hut  docs  not  bind  to  AU- 
rich  sequences  present  in  the  3'  UTR  of  c-myc  mRNA.  This 
factor  is  not  present  in  unstimulated  T  cells  but  is  induced  by 
T-cell  receptor  (TCR (-mediated  stimulation  and  displays 
kinetics  that  parallel  the  expression  of  lymphokine  genes. 
The  finding  that  this  factor  binds  to  3'  lymphokine  RNA  but 
c  RN.A  suggests  that  this  factor  could  be  used  by 
the  cell  to  distinguish  lymphokine  RNA  from  c-myc  RNA 
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and  thus  dilTerentially  regulate  the  metabolism  of  these 
transcripts.  We  also  detect  an  ubiquitous  factor  (AU-A)  that 
resembles  the  AU-binding  factor  reported  by  Maher  (17). 
However,  we  found  that  this  activity  is  localized  primarily 
within  the  nucleus,  is  not  regulated  in  an  activation-depen¬ 
dent  manner,  and  does  not  distinguish  between  lymphokine 
and  c-m\c  sequences. 

MATERIALS  AM)  METHODS 

Preparation  of  T-cell  extracts.  Human  T  cells  were  purified 
by  a  previously  described  negative  selection  procedure  (11) 
and  were  cultured  in  RPMI  1640  medium  supplemented  with 
109?-  heat-inactivated  fetal  calf  serum,  2  mM  L-glutamine, 
100  U  of  penicillin  G  per  ml.  lOO  p.g  of  streptomycin  per  ml, 
and  5  mM  .V-2-hydro.xyethylpiperazine-/V'-2-ethanesulfonic 
acid  (HEPES),  T  cells  were  stiinulated  with  an  immobilized 
monoclonal  antibody  (G19-4)  directed  against  the  CD3  com¬ 
ponent  of  the  TCR/CD3  complex  as  previously  described  (9) 
(referred  to  hereafter  as  a-CD3).  Cytoplasmic  extracts  were 
prepared  from  unstimulated  and  a-CD3-stimulated  T  cells  by 
lysis  in  an  extraction  buffer  containing  0.29f  Nonidet  P-4(). 
40  mM  KCI,  10  mM  HEPES  (pH  7.9).  3  mM  MgCK,  1  niM 
dithiothreitol  (DTD,  59f  glycerol,  1  ng  of  aprotinin  per  ml,  2 
ng  of  leupeptin  per  ml,  and  0.5  n.M  phenylmethylsulfonyl 
fluoride  (PMSF).  Nuclei  were  removed  by  centrifugation  at 
14, (KK)  X  g  for  2  min  in  an  Epf  endorf  microfuge,  and 
cytoplasmic  extracts  were  immediately  frozen  on  dry  ice  and 
were  stored  at  -70°C.  The  nuclei  weie  extracted  for  30  min 
at  4°C  on  a  rocker  in  a  buffer  containing  20  mM  HEPES  (pH 
7.9).  0.42  M  KCI.  1.5  mM  MgCl,,  0.2''mM  EDTA.  0.5  mM 
DTT.  0.5  mM  PMSF,  and  255r  glycerol.  This  nuclear  extrac¬ 
tion  mixture  was  spun  at  14,()00  x  f>  for  10  min  in  an 
Eppendorf  microfuge,  and  the  supernatants  were  dialyzed 
against  a  solution  containing  20  mM  HEPES  (pH  7.9),  0.1  M 
KCI.  0.2  mM  EDTA.  0.5  mM  D'lT.  0.5  mM  PMSF.  and  2()7r 
glycerol.  The  nuclear  extracts  were  frozen  on  dry  ice  and 
stored  at  -70‘’C. 

In  vitro  transcription  reactions.  The  following  DNA  frag¬ 
ments  were  cloned  into  the  polylinker  region  of  the  pGEM3Z 
or  pGEM7Zf(-t-)  vector  (Promega)  and  used  as  templates  for 
in  vitro  transcription  reactions;  a  5X5-bp  fragment  of  human 
TNF-a  cDNA  beginning  5'  at  the  internal  LruRI  site  and 
containing  most  of  the  3’  UTR,  a  1.0-kb  fragment  of  human 
c-iiiyc  cDNA  beginning  5'  at  the  internal  Clal  site  and 
containing  part  of  the  coding  region  and  all  of  the  3'  UTR.  a 
242-bp  S(iu3A  cDNA  fragment  from  the  IL-2  3'  UTR,  a 
5(M)-bp  S(ic\-Ncirl  fragment  of  genomic  human  TNF-a  DNA 
containing  exon  1,  a  4()0-bp  /•’.vtl-L'ruRI  fragment  of  chicken 
Oct-1  cDNA.  an  oligonucleotide  containing  the  sequence 
5'-ATn  ATTrATTTATTTA'nTA-3'  (5-AU)  found  in  the 
GM-CSF  3'  UTR.  and  an  oligonucleotide  containing  the 
sequence  5'-ATTTA-3'  flanked  by  polylinker  sequences.  In 
vitro  transcription  reactions  were  performed  according  to 
Promega  instructions,  using  SP6  or  T7  RNA  polymerase. 
Labeled  RNA  transcripts  were  produced  by  inclusion  of 
(a-'"PJUTP  (SOOCi/mmol)  in  the  reaction,  and  the  resulting 
transcripts  had  a  specific  activity  of  approximately  3  x  lO” 
cpm/p.g. 

Analysis  ol  hiNA-protcin  interactions.  1  -cell  cytoplasmic 
extracts  (1  to  20  pg  of  protein)  we.'e  incubated  at  room 
temperature  for  30  min  with  '-P-labeled  RNA  (0.4  to  4.0 
fmol)  in  a  buffer  containing  40  mM  KCI,  10  mM  HEPE.S  (pH 
7.9).  3  mM  MgClj,  1  mM  D'lT,  and  59f  glycerol.  The  volume 
of  each  reaction  was  20  pi.  RNase  T,  (1  U/pl,  final  concen¬ 
tration)  was  added  to  cleave  unbound  RNA.  and  heparan 
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sulfate  (5  mg/ml,  final  concentration)  was  added  to  reduce 
nonspecific  binding.  The  reaction  mixtures  were  cross- 
linked  with  254-nm  UV  radiation,  using  a  Stratalinker  cross- 
linking  apparatus  (energy  =  2.50  mj/cnr).  This  method 
requires  only  60  to  90  s  and  gives  highly  reproducible  results, 
in  comparison  with  previously  described  UV  cross-linking 
procedures  which  often  require  30  to  60  min  of  irradiation  to 
achieve  observable  results.  The  reaction  mixtures  were  then 
separated  by  electrophoresis  on  109<-  sodium  dodccyl  sulfate 
(SDS)-polyacrylamide  gels  under  reducing  conditions.  Gels 
w'ere  dried  and  exposed  to  film  at  -70°C. 

Northern  (RNA)  blot  analysis.  Purified  human  T  cells  were 
cultured  at  2  x  10'’  cells  per  ml  for  6  h  with  an  immobilized 
a-CD3  antibody  alone  or  with  a-CD3  antibody  plus  phorbol 
myristate  acetate  (PMA).  Dactinomycin  (10  pg/nd)  was  then 
added  to  the  cultures,  and  cells  were  harvested  after  0,  15. 
45,  75,  or  105  min.  Total  cellular  RNA  was  isolated  (7)  and 
equalized  as  described  previously  (28).  Northern  blots  were 
prepared  and  hybridized  sequentially  with  ''P-labeled  nick- 
translated  probes;  the  GM-C.SF  probe  was  a  7()0-bp  AcuRI- 
/'.'■idlll  cDNA  fragment  (32),  the  c-inyc  probe  was  a  1.0-kb 
0«.-A'c«Rl  cDNA  fragment  (1).  and  the  HLA  probe  was  a 
1.4-kb  Ps/l  fragment  from  the  HLA  B7  gene  (25).  After 
hybridization,  blots  were  washed  and  exposed  to  film  at 
-70‘‘C. 

RESULTS 

Identification  of  an  RNA -binding  activity  that  binds  to  3' 
TNF-a  RNA.  Since  sequences  in  the  3'  U'TR  of  lymphokine 
transcripts  are  important  for  their  rapid  degradation  in  the 
cytoplasm  (22.  23),  we  hypothesized  that  r;v//(.v-acting  factors 
exist  that  bind  to  these  sequences.  To  test  this  hypothesis, 
cytoplasmic  extracts  prepared  from  purified  resting  human  T 
lymphocytes  were  incubated  with  a  ''P-labeled  riboprobe 
consisting  of  585  bases  present  in  the  3'  UTR  of  TNF-a 
mRNA  as  described  in  Materials  and  Methods.  Following 
successive  incubations  with  RNase  T,  and  heparan  sulfate, 
the  reaction  mixtures  w'cre  cross-linked  with  UV  radiation 
and  separated  by  electrophoresis  on  109;  SDS-polyacryl- 
amide  gels.  RNA-binding  activity  in  the  extracts  could  be 
identified  as  radiolabeled  bands  displaying  altered  mobility. 
A  major  complex  (complex  A)  was  detected  in  extracts  from 
unstimulated  T  cells  when  3'  INF-a  RNA  was  used  as  a 
probe  (Fig.  1).  Although  this  complex  may  be  composed  of 
one  or  more  factors,  the  RNA-bindinc  componentts)  of  this 
complex  will  be  referred  to  as  factor  A.  Factor  A  was  easily 
visualized  when  |''P)UTP  was  used  to  label  the  3'  TNF-a 
probe  but  was  poorly  visualized  when  [’’PICTP  was  used 
(Fig.  la),  suggesting  that  factor  A  binds  to  a  region  rich  in  U 
nucleotides  but  poor  in  C  nucleotides.  To  assess  further  the 
specificity  of  this  binding,  unlabeled  RNA  was  used  to 
compete  for  this  complex.  Unlabeled  3'  TNF-a  RNA  effi¬ 
ciently  competed  for  this  complex  while  a  similarly  sized 
transcript  from  the  Oct-1  gene  did  not,  suggesting  that  the 
interaction  was  specific  (Fig.  lb).  An  unlabeled  ribo-oligo- 
nuclcotidc  containing  the  sequence  5'-AUUUAUUUAUUU 
AUUUAUUUA-3'  (5-AU)  found  in  3'  GM-CSF  RNA  was 
also  used  as  a  competitor.  This  sequence  is  the  core  element 
of  the  51-bp  G.M-CSF  AU-rich  scquein-c  showm  by  Shaw  and 
Kamen  (23)  to  influence  mRNA  stability.  This  element  was 
also  present  in  the  genetic  constructs  used  by  Schuler  and 
Cole  (22)  to  demonstrate  that  GM-CSF  mRNA  stability  is 
regulated  by  truav-acting  factors.  As  seen  in  Fig.  lb,  this 
GM-CSF  5-AU  sequence  effectively  competed  for  binding  of 
factor  A  to  3'  TNF-a  RNA.  rogether,  these  data  suggest  that 
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FIG.  1.  Identification  of  an  RNA-binding  factor  (factor  A)  that 
binds  to  3'  TNF-a  AU-rich  sequences,  (a)  Cytoplasmic  extracts  (8 
(xg  of  protein)  were  incubated  with  0.4  fmol  of  transcripts  consisting 
of  sequences  present  in  the  3'  UTR  of  TNF-a  mRNA  labeled  with 
either  I’-PICTP  ('-P-C  3'TNF)  or  I’-PIUTP  t'-P-U  3'TNF).  (b) 
Cytoplasmic  extracts  (8  p.g  of  protein)  were  incubated  with  4  fmol  of 
(’-PiUTP-labeled  transcripts  consisting  of  sequences  present  in  the 
3’  UTR  of  TNF-a  niRNA  (3'TNF  Probe)  in  the  absence  of  compet¬ 
itor  transcripts  or  in  the  presence  of  a  10-fold  (lOx),  100-fold  (100  x). 
or  500-fold  (500X )  molar  excess  of  the  follow  ing  unlabeled  compet- 
itc  transcripts-  transcripts  consisting  of  sequences  present  in  the  3' 
UTR  of  TNF-a  mRNA  (3'TNF),  transcripts  consisting  of  the  5-AU 
sequence  present  in  the  3'  UTR  of  GM-CSF  mRNA  (5-AU).  or 
transcripts  derived  from  Oct-1  sequences  (Oct-1).  Following  succes¬ 
sive  incubations  with  RNase  Tj  and  heparan  sulfate,  the  reaction 
mixtures  were  UV  cross-linked  at  2.‘'0  mJ/cm'  on  a  Siratalinker 
cross-linking  apparatus  and  were  separated  by  electrophoresis  on 
lOff  SDS-polyacrylamide  gels.  Arrows  indicate  the  position  of  the 
major  RNA-binding  complex  (referred  to  in  the  text  as  complex  A). 


factor  A  binds  to  the  AU-rich  sequences  found  in  3’  TNF-a 
mRNA. 

Factor  A  binds  to  3'  lymphokinc  as  well  as  3'  c-myc  AU-rich 
sequences.  Schuler  and  Cole  (22)  have  shown  that  GM-CSF 
and  c-myc  mRNA  degradation  is  differentially  regulated  in 
monocytic  cell  lines,  and  our  laboratory  has  show-n  that 
degradation  of  a  number  of  lymphokine  mRNAs  is  regulated 
differentially  from  c-myc  mRNA  in  human  T  cells  (16). 
These  observations  predict  the  existence  of  tr«/t,v-acting 
factors  that  differentially  recognize  lymphokine  and  c-myc 
mRNA.  Therefore  we  performed  experiments  to  determine 
whether  factor  A  can  distinguish  lymphokine  RNA  from 
c-myc  RNA.  As  seen  in  Fig.  2a,  binding  by  factor  A  to  (he  3' 
TNF-a  riboprobc  is  effectively  competed  for  by  3'  TNF-a  or 
3'  c-myc  RNA  but  not  by  irrelevant  RNA  (Oct-1).  This 
suggests  that  factor  A  has  specificity  for  3'  c-myc  as  well  as 
3’  TNF  a  sequences.  In  fact,  factor  A  binds  directly  to 
'■P-labeled  3'  c-myc  RNA,  and  this  binding  is  competed  for 
by  unlabeled  3'  c-myc  or  3'  TNF-a  RNA  but  not  Oct-1  RNA 
(Fig.  2b).  In  addition  to  binding  to  ’"P-labcled  3'  TNF-a  and 
3'  c-myc  RNA  probes,  factor  A  also  binds  to  the  3'  lL-2 
riboprobe  and  to  the  GM-CSF  .5-AU  ribo-oligonucleotide 
probe  (Fig.  2c).  Although  multiple  bands  were  detected  with 
each  of  these  probes,  only  factor  A  binding  to  thpse  probes 
was  reprodiicibiy  competed  for  by  the  GM-CSF  5-AU  ribo- 
oligonucleotide  but  not  by  a  control  ribo-oligonucleotide 


containing  the  sequence  5'-.AUUUA-3'  (1-AU)  flanked  by 
polylinker  sequences,  fable  1  shows  for  each  probe  the 
predicted  sequences  of  the  RNase  T, -protected  fragments  to 
which  this  factor  binds.  Although  factor  A  may  bind  to  other 
AU-rich  sequences  present  in  these  probes,  experiments 
performed  using  truncated  transcripts  or  transcripts  pro¬ 
duced  from  synthesized  oligonucleotides  indicate  thai  factor 
A  can  bind  to  the  GM-CSF  5-AU  and  c-myc  sequences  listed 
in  Table  1.  The  diflerences  in  electrophoretic  mobility  of 
complex  A  in  Fig.  2  are  due  to  differences  in  the  lengths  of 
the  protected  RN/\  fiagments.  After  subtracting  the  molec¬ 
ular  weight  of  the  bound  RNA  fragment,  factor  A  has  a 
molecular  size  of  approximately  34  kDa,  Since  factor  A 
bind;',  to  3'  .AU-rich  regions  of  lymphokine  as  well  as  c-ntvc 
transcripts,  this  factor  alone  cannot  explain  how  a  cell 
distinguishes  lymphokine  transcripts  from  c-myc  transcripts. 

A  novel  AU-binding  factor  that  bind.s'  to  3'  lymphokine  but 
not  3'  c-myc  RNA  is  induced  by  T-cell  activation.  Although 
unstimulated  T  cells  do  not  express  lymphokine  genes  or  the 
c-myc  proto-oncogene,  stimulation  of  T  cells  through  the 
TCRyCD.3  complex  induces  expression  of  these  genes  (16). 
We  hypothesized  therefore  that  Oo/i.v-acting  factors  which 
regulate  the  expression  of  these  genes  at  the  level  of  mRNA 
stability  might  be  present  only  in  activated  cells.  To  test  this 
hypothesis,  cytoplasmic  extracts  from  unstimulated  T  cells 
or  from  T  cells  that  had  been  stimulated  for  6  h  with  an 
a-CD3  monoclonal  antibody  were  assayed  for  RNA-binding 
activity.  Wo  found  that  a-CD3  stimuhition  induced  a  30-kDa 
factor  (factor  B)  which  bound  to  the  GM-CSF  ribo-oligonu¬ 
cleotide  probe  but  not  to  the  3'  c-myc  probe  (Fig.  3a). 
Complex  B  is  relatively  difficult  to  visualize,  possibly  be¬ 
cause  difl'crent  RNA-protein  interactions  become  cross- 
linked  by  UV  irradiation  with  dilfcrcr.l  efficiencies.  It  is 
possible  that  spatial  positioning  of  reactive  groups  on  factor 
B  and  its  bound  RNA  is  not  optimal  for  efficient  cross- 
linking.  Factor  B  appetircd  to  bind  to  the  GM-CSF  5-AU 
riboprobe  with  higher  affinity  than  factor  A.  since  the 
appearance  of  factor  B  binding  activity  following  a-CD3 
stimulation  resulted  in  a  decrease  in  factor  A  binding  to  the 
GM-CSF  5-AU  riboprobe  when  the  binding  reactions  were 
performed  using  a  limiting  GM-CSF  5-,AU  probe  concentra¬ 
tion  (Fig.  3a).  However,  no  decrease  in  factor  A  binding  to 
the  3'  c-myc  probe  was  observed  following  a-CD3  stimula¬ 
tion  under  the  same  conditions.  This  result  suggests  th:it 
factor  A  was  present  at  equivalent  concentrations  in  extracts 
from  unstimuliitcd  and  a-CD3-stimulated  T  cells  and  that 
factor  B  did  not  compete  with  factor  A  for  the  3'  c-myc 
probe.  Independent  experiments  showed  that  factor  B  has 
approximately  a  ll)-fold-greater  relative  affinity  for  the  GM- 
CSF  5-AU  probe  than  does  factor  A  (data  not  shown).  In 
addition  to  binding  to  the  GM-CSF  5-AU  probe,  factor  B 
also  bound  to  3'  TNF-a  and  3'  lL-2  riboprobes  (Fig.  3b). 
Together,  these  data  suggest  that  factor  B  bound  specifically 
to  3'  lymphokine  but  not  3'  c-myc  AU-rich  sequences. 

Factor  B  binding  is  specifically  competed  for  by  3'  lympho¬ 
kine  sequences  but  not  by  3'  c-myc  sequences.  Competition 
experiments  were  performed  to  confirm  our  conclusion  that 
factor  B  binds  to  3’  lymphokine  but  not  3'  c-myc  RNA 
sequences.  Extracts  from  unstimulatcd  T  cells  or  T  cells  that 
had  been  stimulated  for  6  h  "  ith  monoclonal  antibody  «-CD3 
were  incubated  with  the  GM-CSF  5-AU  ribo-oligonucleotide 
probe  (Fig.  4).  As  in  the  foregoing  experiments,  factor  B 
binding  was  induced  by  a-CDi*  simulation,  and  the  appear 
ance  of  factor  B  binding  in  extracts  from  a-CD3-stimulated 
cells  correlated  with  decreased  factor  A  binding  to  this 
probe.  Factor  A  binding  activity  in  extracts  from  a-CD3- 
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FIG.  2.  Specificity  of  factor  A  biiniing.  (a/  Cytoplasmic  extracts  (20  |i.g  ol  protein)  from  unstimulated  T  cells  were  incubated  with  0.4  fmol 
of  [’-PIUTP-Iabeled  transcripts  consisting  of  sequences  present  in  the  3'  UTR  of  TNF-a  mRNA  (3'TNF  Probe)  in  the  absence  of  competitor 
RNA  or  in  the  presence  of  a  10-fold  (lOx),  l(K)-fold  (lOOx).  or  1.000-fold  (lOOOx)  molar  excess  of  the  following  unlabeled  competitor 
transcripts:  transcripts  consisting  of  sequences  present  in  the  3'  UTR  of  TNF-a  mRNA  (3'TNF).  transcripts  containing  the  3'  UTR  of  c-myr 
mRNA  (3'c-myc).  or  transcripts  derived  from  Oct-1  sequences  (Oct-1),  (b)  Cytoplasmic  extracts  (13  pg  of  protein)  from  unstimulaled  T  cells 
were  incubated  with  0.4  fmol  of  ['’P|UTP-labeled  transcripts  containing  the  3'  UTR  of  c-//;,vc  mRNA  (3'c-myc  Probe)  in  the  absence  of 
competitor  transcripts  or  in  the  presence  of  a  l(K)-fold  (l{)0x)  or  l.(XK)-fold  (l(X)0x)  molar  excess  of  the  following  unlabeled  competitor 
transcripts:  transcripts  containing  the  3'  UTR  of  c-iiiyc  mRNA  (3'c-myc).  transcripts  consisting  of  sequences  present  in  the  3'  UTR  of  TNF-a 
mRNA  (3’TNF).  or  transcripts  derived  from  Oct-1  sequences  (Oct-1),  (c)  Cytoplasmic  extracts  (2  pg  of  protein)  from  unstimulated  T  cells 
were  incubated  with  4  fmol  of  (  ’‘P|UTP-labeled  transcripts  in  the  absence  of  competitor  transcripts  or  in  the  presence  of  a  20-fold  molar 
excess  of  unlabeled  CM-CSF  5-AU  or  1-AU  competitor  transcripts.  The  following  '-P-labeled  transcripts  (probes)  were  used:  transcripts 
consisting  of  sequences  present  in  the  3'  UTR  of  TNF-a  mRNA  (3'TNF).  transcripts  containing  sequences  present  in  the  3'  UTR  of  IL-2 
mRNA  (3'1L2).  transcripts  containing  the  3'  UTR  of  c-niyc  mRNA  (3'c  myc).  and  transcripts  containing  the  5-AU  sequence  found  in  the  3' 
UTR  of  GM-CSF  mRNA  (5-AU).  Following  successive  incubations  with  RNase  T,  and  heparan  sulfate,  the  reaction  mixtures  were  UV 
cross-linked  and  were  separated  by  electrophoresis  on  lOCt  SDS-poly:iC'ylamide  gels  under  reducing  conditions,  In  panels  a  and  b.  the 
reaction  mixtures  were  UV  cross-linked  for  30  min  on  a  UV  light  box;  in  panel  c,  the  reaction  mixtures  were  UV  cross-linked  at  250  mj/cm" 
on  a  Stratalinker  cross-linking  apparatus.  The  migration  of  protein  molecular  weight  standards  is  shown  to  the  right  in  kilodaltons.  The  arrows 
indicate  the  position  of  complex  A  migration. 


stimulated  cells  was  competed  for  with  unlabeled  3'  c-tiiyv 
RNA.  However,  factor  B  binding  to  the  GM-CSF  5-AU 
probe  was  not  competed  for  by  3'  c-myc  RNA.  The  ability  of 
factor  B  to  bind  to  the  GM-CSF  5-AU  probe  in  the  presence 
of  a  12()-fold  molar  excess  of  3'  c-myc  RNA  demonstrates 
that  factor  B  binds  independently  from  factor  A  and  that  the 
factor  B  complex  does  not  arise  from  a  modification  of  factor 
A  after  binding.  Since  3'  c-myc  RNA  competed  for  factor  A 
binding  but  not  factor  B  binding  to  the  GM-CSF  5-AU  probe, 
competitions  with  unlabeled  GM-CSF  5-AU,  3'  TNF-a,  or 
TNF  exon  1  RNA  sequences  were  performed  in  the  presence 
of  a  40-fold  molar  excess  of  3'  c-myc  RNA,  GM-CSF  5-AU 
or  3'  TNF  RNA  effectively  competed  for  factor  B  binding, 
but  TNF  exon  1  RNA  did  not.  Together,  these  data  suggest 


that  factor  B  binding  is  specific  for  3'  lymphokine  AU-rich 
sequences  and  that  factor  B  does  not  bind  to  3'  c-myc 
sequences.  Thus,  factor  B  could  potentially  he  used  by  the 
cell  to  distinguish  lymphokine  from  c-myc  transcripts  and 
difl'erentially  regulate  their  metabolism. 

In  independent  experiments  using  an  RNA  gel  retardation 
assay  under  nondenaturing  conditions,  a  GM-CSF  5-AU 
binding  activity  was  detected  in  resting  T  cells  and  its  level 
increased  following  a-CD3  stimulation.  All  of  the  GM-CSF 
5-AU  binding  activity  in  resting  cells  was  inhibited  by 
unlabeled  3'  c-myc  RNA.  In  contrast,  the  GM-CSF  5-AU 
binding  activity  in  a-CD3-stimulated  cells  was  only  partially 
inhibited  by  unlabeled  3'  c-myc  RNA  but  was  completely 
inhibited  by  unlabeled  GM-CSF  5-AU  RNA  (data  not 


TABt^E  I.  Faclor  A  binding  to  RNase  T,  fragmenls 


Transcript  Predicted  RNase  T|  fragment  to  which  lactor  A  binds  " 


3'  TNF  AUUAUUUAUUAUUUAUUUAUUAUUUAUUUAUUUACAG  37 
3'  IL-2  CCUUCUAUUUAUUUAAAUAUUUAAAUUUUAUAUUUAUUG  .39 
GM-CSF  5-AU  UAUUUAUUUAUUUAUUUAUUUACUCG  26 
3'  c-mvr  CUUACCAUCUUUUUUUUUUCUUUAACAG  28 
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FIG.  3.  Induction  by  a-CD3  stimulation  of  a  second  AU-specific 
RN  A-binding  factor  (factor  B).  (a)  Cytoplasmic  extracts  (2  to  8  pg  of 
protein)  from  unstimulated  (MED)  T  cells  or  fiom  T  cells  that  had 
been  stimulated  for  6  h  with  q-CD3  antibody  (a-CD3)  were  incu¬ 
bated  with  3  fmol  of  ['-PlUTP-labeled  GM-CSF  5-Ab'  rib  rprobe 
(.3-AU  Probe)  or  c-myc  3'  UTR  riboprobe  (3'c-myc  Probe),  (b) 
Cytoplasmic  extracts  (8  pg  of  protein)  from  unstimulated  (MED)  T 
cells  or  from  T  cells  that  had  been  stimulated  for  6  h  with  a-t3D3 
antibody  (a-CD3)  were  incubated  with  3  fmol  of  the  indicated 
|''P1UTP-Iabcled  riboprobes.  Following  successive  incubations 
with  RNase  T,  and  heparan  sulfate,  the  reaction  mixtures  were  GV 
cross-linked  at  2.‘>0  mJ/cm’  on  a  Stratalinker  cross-linking  apparatus 
and  were  separated  by  electrophoresis  on  lOVr  SDS-polyacrylamide 
gels.  Arrows  A  and  B  indicate  the  positions  of  migration  of  com¬ 
plexes  A  and  B,  respectively. 


shown).  These  data  suggested  that  complexes  A  and  B 
comigrated  in  RNA  retardation  gels.  Since  complexes  A  and 
B  could  be  separated  following  UV  cross-linking  on  SDS- 
polyacrylamide  gels,  binding  activity  was  assessed  by  this 
method  in  all  subsequent  experiments. 

Kinetics  of  factor  B  RNA-binding  activity  following  a-CDS 
stimulation.  If  factor  B  is  involved  in  the  regulation  of 
lymphokinc  mRN  A  metabolism,  then  the  kinetics  of  factor  B 
induction  might  be  expected  to  parallel  the  expression  of 
lymphokinc  mRNA.  For  example,  following  a-CD3  stimula¬ 
tion,  IL-2  and  GM-CSF  mRNA  expression  is  observable  at  3 
h.  peaks  at  6  h,  and  decreases  to  undetectable  levels  by  24  h 
(16,  29).  As  seen  in  Fig.  5,  factor  B  binding  to  the  GM-CSF 
5-AU  probe  appears  within  3  h  following  a-CD3  stimulation, 
peaks  at  6  h,  and  is  gone  by  24  h.  The  induction  of  factoi  B 
activity  following  u-CD3  stimulation  requires  new  transla¬ 
tion  and  new  transcription,  since  cycloheximide  (Fig.  5)  and 
dactinomycin  (data  not  shown)  both  block  the  induction  of 


FIG.  4.  Specificity  of  factor  B  binding.  Cytoplasmic  extracts 
from  unstimulaled  (MED)  T  cells  or  from  T  cells  that  had  been 
stimulated  fcr6  h  with  a-CD3  antibody  (q-CD3)  were  incubated  with 
4  fmol  of  |'-P]UTP-labeled  GM-CSF  5-AU  --iboprobe.  A  4()-fold 
(40x),  80-fold  (SOx).  or  120-fold  (120x)  molar  excess  of  unlabeled 
c-tnyc  3'  UTK  competitor  RNA  l3'c-niyc  Competitor)  wa>  included 
in  the  indicatei  reaclions.  A  4(l-fold  molar  excess  of  c-/uv(  3'  UTR 
RNA  competed  for  complex  A  but  not  complex  B.  Therefore 
competition  of  complex  B  was  carried  out  in  the  presence  of  a 
40-fold  molar  excess  of  c-nivi  3'  UTR  RN,\  as  well  as  a  4()-fold 
(40X)  or  80-fold  (8()x)  molar  excess  of  G.M-CSF  5-AU  (5-AU) 
TNF-ot  .3'  UTR  (3'TNF).  or  TNF  exon  1  (TNE-Exl)  competitor 
RNA.  Arrows  A  and  B  indicate  the  positions  of  migration  of 
complexes  A  and  B.  respectively. 


this  complex.  As  was  also  seen  in  Fig.  3  and  4.  the  appear¬ 
ance  of  Ftetor  B  binding  resulted  in  a  decrease  in  factor  A 
binding  to  the  G.M-C.SF  5-AU  probe  as  a  result  of  the  higher 
relative  affinity  of  factor  B  for  the  GM-CSF  5-.AU  probe. 
Factor  A  binding  to  the  3'  c-myc  probe  did  not  decrease  at 
the  3-  or  6-h  time  point,  suggesting  that  the  amount  of  factor 
A  did  not  change  during  this  time  period.  Thus,  the  time 
course  of  the  appearance  of  factor  B  binding  parallels  the 
induction  of  lymphokinc  genes  following  a-CD3  stimulation 
and  is  consistent  with  factor  B  functioning  as  a  transiently 
induced  regulatory  protein. 

Factor  B  is  a  cytoplasmic  factor  composed  of  protein.  If 
factor  B  were  a  cytoplasmic  factor  that  regulates  lymphokinc 
mRNA  metabolism,  then  one  might  expect  to  find  it  predom¬ 
inantly  in  the  cytoplasm.  Therefore  cytoplasmic  and  nuclear 
extracts  from  u-CD3-stimulatcd  T  cells  were  assayed  for 
factor  A  and  factor  B  RNA-binding  activities.  As  seen  in  Fig. 
6a,  factor  A  binding  activity  is  more  abundant  in  nuelvar 
extracts  than  in  cytoplasmic  extracts,  whereas  factor  B 
activity  is  visualized  only  in  cytoplasmic  extracts.  In  ex¬ 
tracts  from  resting  T  cells,  factor  A  activity  is  also  more 
abundant  in  nuclear  extracts  than  in  cytoplasmic  extracts 
(data  not  shown). 

The  ob.servation  that  the  protein  synthesis  inhibitor  cyclo¬ 
heximide  blocks  the  induction  of  factor  B  binding  raised  the 
possibility  that  factor  B  could  be  an  induced  protein.  To 
define  more  clearly  the  composition  of  factors  A  and  B. 
cytoplasmic  extracts  from  unstimulated  and  a-CD3-stimu- 
lated  T  cells  were  incubated  with  proteinase  K  following  a 
binding  reaction  with  the  GM-CSF  5-AU  riboprobe.  Factors 
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FIG.  5.  Kinetics  and  dependence  of  new  protein  synthesis  of 
factor  B  binding  following  a-CD3  stimulation.  Cytoplasmic  extracts 
were  prepared  from  T  cells  that  had  been  stimulated  with  a-CD3 
antibody  (a-CD3)  for  1,  3,  6,  or  24  h  or  from  T  cells  that  had  been 
stimulated  with  an  a-CD3  antibody  for  3  h  in  the  presence  of  10  (xg 
of  cycloheximide  per  ml  (a-CD3  +  CHX).  Protein  (8  pg)  from  these 
extracts  was  incubated  with  4  fmol  of  [’’PlUTP-labeled  GM-CSF 
5-AU  riboprobe  (a)  or  c-myc  3'  UTR  riboprobe  (b).  Arrows  A  and  B 
indicate  the  positions  of  migration  of  complexes  A  and  B.  respec¬ 
tively. 


A  and  B  are  both  eliminated  by  proteinase  K  treatment  (Fig. 
6b).  This  demonstrates  that  these  factors  are  at  least  partially 
composed  of  protein  but  does  not  exclude  the  possibility  that 
they  also  contain  nonprotein  components. 

Costimulation  of  a-CD3-stimuIated  T  cells  with  PMA  in¬ 
duces  changes  in  lymphokine  mRNA  degradation  and  changes 
in  factor  B  binding.  Lymphokine  as  well  as  c-myc  transcripts 
are  unstable  following  a-CD3  stimulation  (16).  However, 
Shaw  and  Kamen  (23)  have  demonstrated  that  GM-CSF 
mRNA  is  stabilized  upon  stimulation  of  a  T-cell  line  with 
PMA.  Costimulation  of  a-CD3-stimulated  T  cells  with  PMA 
induced  specific  stabilization  of  lymphokine  transcripts  and 
had  relatively  little  effect  on  c-myc  mRNA  stability  (Fig.  7b). 
Therefore  experiments  were  designed  to  determine  whether 
PMA  costimulation  would  induce  changes  in  factor  B  bind¬ 
ing.  As  seen  in  Fig.  7c,  a-CD3  stimulation  induced  factor  B 
binding  to  the  GM-CSF  5-AU  probe.  Again,  the  appearance 
of  factor  B  binding  correlated  with  decreased  factor  A 
binding,  as  seen  previously,  and  is  likely  to  be  due  to 
competition  between  factors  A  and  B  for  the  GM-CSF  5-AU 
riboprobe.  In  contrast,  costimulation  with  PMA  resulted  in 
decreased  factor  B  binding  to  the  GM-CSF  5-AU  probe  and 
increased  factor  A  binding  compared  with  a-CD3  stimulation 
alone.  Factor  A  binding  to  the  3'  c-myc  probe  was  approx¬ 
imately  equivalent  in  extracts  from  a-CD3-stimulated  and 
a-CU3-plus-PMA-stimulated  T  cells  (Fig.  7d),  demonstrating 
that  the  differences  in  binding  to  the  GM-CSF  5-AU  probe 
were  not  due  to  differences  in  the  amount  of  factor  A  in  the 
extracts.  Thus  it  appears  that  PMA  costimulation  results  in 
decreased  factor  B  binding  activity  and  increased  lympho¬ 
kine  mRNA  stability. 

DISCUSSION 

The  observation  that  lymphokine  mRNA  degradation  is 
regulated  differentially  from  c-myc  mRNA  degradation  (16, 
22)  suggested  that  cells  have  a  mechanism  to  distinguish 
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FIG.  6.  Subcellular  localization  and  composition  of  factors  A 
and  B.  (a)  Approximately  8  x  10’  cell  equivalents  of  cytoplasmic 
(Cyt.)  extract  (10  p.g  of  protein)  or  nuclear  (Nuc.)  extract  (0.5  pg  of 
protein)  from  T  cells  that  had  been  stimulated  for  6  h  with  a-CD3 
antibody  w'ere  incubated  with  4  fmol  of  [’^P]UTP-labeled  GM-CSF 
5-AU  riboprobe.  (b)  Cytoplasmic  extracts  (8  pg  of  protein)  from 
unstimulated  (MED)  T  cells  or  from  T  cells  that  had  been  stimulated 
for  6  h  with  aTiti-CD3  antibody  (a-CD3)  were  incubated  with  4  fmol 
of  {’’PJUTP-labeled  GM-CSF  5-AU  transcripts;  the  reaction  mix¬ 
tures  were  treated  sequentially  with  RNase  Tj  and  heparan  sulfate 
and  then  were  incubated  at  37°C  for  15  min  in  the  absen’-'"  of 
proteinase  K  or  in  the  presence  of  100  or  1,000  pg  of  proteinase  K 
per  ml.  Arrows  A  and  B  indicate  the  positions  of  migration  of 
complexes  A  and  B,  respectively. 


between  these  transcripts.  In  this  work,  we  report  the 
identification  of  a  novel  cytoplasmic  RNA-binding  factor 
(factor  B)  that  binds  specifically  to  AUUUA  multimers 
present  in  the  3'  UTR  ofGM-CSF,  IL-2,  and  TNF-a  mRNAs 
but  does  not  bind  to  AU-rich  sequences  present  m  the  3' 
UTR  of  c-myc  mRNA.  Each  of  these  lymphokine  mRNAs 
contains  at  least  three  reiterated  copies  of  the  sequence 
AUUUA  (Table  1).  3'  c-myc  mRNA  also  contains  several 
copies  of  this  sequence,  but  these  copies  are  separated  from 
each  other  by  at  least  25  nucleotides.  Factor  B  RNA-binding 
activity  is  not  present  in  cytoplasmic  extracts  from  unstim¬ 
ulated  T  cells  but  is  induced  by  a-CD3  stimulation.  The 
induction  of  factor  B  RNA-binding  activity  requires  new 
transcription  and  translation,  since  it  is  blocked  by  dactino- 
mycin  or  cycloheximide.  Factor  B  activity  is  present  by  3  h 
after  a-CD3  stimulation,  peaks  at  6  h,  and  is  gone  by  24  h. 
These  kinetics  closely  parallel  the  expression  of  several 
lymphokine  mRNAs  following  o-CD3  stimulation  and  are 
consistent  with  factor  B  acting  as  a  transiently  expressed 
regulator  of  lymphokine  gene  expression. 

An  AU-binding  protein  present  in  cytoplasmic  extracts 
from  the  T-cell  line  Jurkat  was  recently  reported  (17).  This 
Jurkat  AU-binding  protein  resembles  the  RNA-binding  fac¬ 
tor  A  identified  in  this  report.  Factor  A  is  present  in  extracts 
from  unstimulated  and  a-CD3-stimulated  T  cells  and  binds  to 
AU-rich  sequences  present  in  the  3'  UTRs  of  TNF-a,  IL-2, 
GM-CSF,  and  c-myc  mRNAs.  The  finding  that  factor  A 
binds  to  3'  AU-rich  sequences  from  lymphokine  as  well  as 
proto-oncogene  mRNAs  suggests  that  this  factor  does  not 
mediate  the  differential  degradation  of  lymphokine  and 
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FIG.  7.  Induction  by  PMA  costimulalion  of  changes  in  lyntpho- 
kinc  mRNA  stability  and  changes  in  factor  B  binding,  (a  and  b)  T 
cells  were  stimulated  for  6  h  with  a-CD3  antibody  alone  (a)  or  with 
a-CD3  antibody  plus  PMA  (b).  Dactinomycin  (10  pg/ml)  was  then 
added  to  the  cultures,  and  cells  were  harvested  at  the  times  shown. 
Total  cellular  RNA  was  isolated  and  equalized  for  rRN.A  by  ethid- 
ium  bromide  staining  of  aliquots  separated  on  a  19f  nondenaturing 
agarose  gel  (RNA  panel).  Northern  blots  prepared  from  equalized 
samples  of  RNA  were  hybridized  sequentially  with  nick-translated 
GM-CSF,  c-myc.  and  HLA  probes,  The  e.vposures  shown  display 
equal  hybridization  intensity  for  the  two  culture  conditions  at  the 
0-min  time  point  to  facilitate  the  visual  comparison  of  mRNA 
stability.  oi-CD3-plus-PMA  stimulation  actually  augments  GM-CSF 
mRNA  expression  fivefold  over  that  seen  with  a-CD3  stimulation 
alone,  (c  and  d)  Cytoplasmic  extracts  (4  jig  of  protein)  from 
unstimulated  T  cells  ( M ED)  or  from  T  cells  that  had  been  stimulated 
for  6  h  with  a-CD3  antibody  (u-CD3i  or  with  a-CD3  antibody  plus 
PMA  (a-CD3  +  PMA)  were  mixed  with  4  fmol  of  (’’PlUTP-labeled 
GM-CSF  5-AU  riboprobe  (c)  or  c-/nvc  3'  UTR  riboprobe  (d).  RNase 
T,  was  immediately  added,  and  the  mixtures  were  incubated  for  10 
min;  heparan  sulfate  was  added,  and  the  mixtures  were  incubated 
for  an  additional  10  min.  The  reaction  mixtures  were  then  UV 
cross-linked  and  separated  by  electophoresis  on  107(  polyacryl¬ 
amide  gels  under  reducing  conditions.  Arrows  A  and  B  indicate  the 
positions  of  migration  of  complexes  A  and  ti,  respectively. 


proto-oncogene  transcripts.  Factor  A  is  more  abundant  in 
nuclear  extracts  than  in  cytoplasmic  extracts  from  purified 
human  T  cells.  Numerous  single-stranded  RNA-binding  pro¬ 
teins  identified  as  components  of  small  nuclear  ribonucleo- 
protein  particles  and  heterogenous  ribonucleoprotein  parti¬ 
cles  are  known  to  leak  into  cytoplasmic  extracts  during 
extraction  procedures  (13.  26).  This  suggests  that  factor  A 
may  be  a  nuclear  factor  tnat  leaked  out  of  the  nucleus  during 
the  extraction  procedure.  Although  factor  A  is  abundant  in 
the  nucleus,  it  may  also  be  present  in  the  cytoplasm  and  play 
a  role  in  cytoplasmic  mRNA  metabolism.  Although  Maltcr 
(17)  has  previously  referred  to  factor  A  as  AU-binding 
protein,  it  is  now  clear  that  cells  can  contain  more  than  one 
RNA-binding  factor  with  specificity  for  AU-rich  sequences. 
In  the  future,  we  will  refer  to  factor  A  as  AU-A  and  to  factor 
B  as  AU-B. 

I  he  AU-rich  sequences  present  in  the  3'  UTR  of  a  variety 
of  tran.dcntly  expressed  mRNAs,  including  lymphokinc  and 
proto-oncogene  mRNAs,  have  been  shown  to  function  as 
instability  elements  (iC,  ^.3,  31),  but  the  mechanism  by  "'bit-h 
they  function  is  not  known.  Several  models  have  been 
proposed  to  explain  the  role  of  3'  AU-rich  sequences  in 
mediating  mRNA  instability  (2,  22,  31).  AU-rich  sequences 
could  act  directly  as  targets  for  endonucleases.  Alterna¬ 


tively.  rm/zv-acTing  factors  could  bind  to  these  sequences 
and  target  the  bound  traiisciipt  for  degradation.  It  has  also 
been  suggested  that  3'  AU-rich  sequences  may  interact  with 
the  poly(A)  tail  to  mediate  poly(A)  shortening  and  degrada¬ 
tion.  These  models  are  complicated  by  the  findings  that 
transcripts  containing  3'  AU-rich  sequences  are  sometimes 
differentially  degraded  (16,  22).  It  is  possible  that  degrada¬ 
tion  of  3'  AU-iich  sequence-containing  transcripts  may  be 
differentially  regulated  by  sequence-specific  (ru/i.v-acting  fac¬ 
tors  that  can  discriminate  between  different  AU-containing 
transcripts.  These  (ru/is-acting  factors  could  selectively  tar¬ 
get  AU-containing  transcripts  for  degradation;  alternatively, 
they  could  bind  to  AU-containing  transcripts  and  passively 
block  a  degradation  process  mediated  b\  3’  AU  instability 
elements.  3'  AU-rich  sequences  have  also  been  shown  to  act 
as  cis  elements  that  regulate  translational  efficiency  (4.  14). 
This  suggests  that  AU-rich  sequences  may  play  dual  roles  in 
regulating  mRNA  metabolism  or  that  translation  and  mRN.A 
degradation  are  coupled.  Thus,  it  is  possible  that  regulatory 
events  that  influence  translation  could  also  influence  mRNA 
degradation. 

Since  AU-B  (factor  B)  is  an  inducible  cytoplasmic  factor 
that  binds  specifically  to  lymphokine  AU-rich  sequences. 
AU-B  is  likely  to  be  a  cytoplasmic  regulator  of  lymphokine 
mRNA  metabolism.  The  observation  that  .AU-B  displays 
binding  kinetics  that  parallel  the  expression  of  lymphokine 
mRNA  following  T(rR/CD3  stimulation  suggests  several 
possible  functions  for  AU-B:  (i)  AU-B  may  facilitate  trans¬ 
lation  of  lymphokine  mRNA:  (ii)  AU-B  may  transiently 
stabilize  lymphokine  mRNA,  allowing  it  to  be  translated:  or 
(iii)  AU-B  may  target  lymphokine  mRNA  for  degradation, 
thus  limiting  the  increase  in  lymphokine  mRNA  levels  fol¬ 
lowing  a-CD3  stimulation  and  leading  to  a  rapid  fall  in 
mRNA  levels  once  peak  levels  arc  reached.  Shaw  and 
Kamen  (23)  showed  that  PMA  stimulation  increased  oM- 
eSF  mRNA  stability  in  T-ccll  lines.  We  found  that  PM.A  also 
increased  GM-CSF  mRNA  stability  in  «-CD3-stimulated 
purified  human  T  cells,  and  this  increase  in  GM-CSF  niRN.A 
stability  correlated  with  decreased  AU-B  binding  to  the 
GM-CSF  5-AU  RNA  sequence.  This  correlation  raises  the 
possibility  that  AU-B  may  target  lymphokine  mRN.A  for 
degradation.  However,  since  PMA  stimulation  has  such 
diverse  and  incompletely  characterized  effects  on  T  cells,  no 
firm  conclusion  about  the  function  of  AU-B  can  yet  be 
draw'n.  To  further  define  the  function  of  .AU-B,  we  are  now 
involved  in  purifying  AU-B  to  determine  whether  it  has 
effects  on  mRNA  stability  or  translation  in  in  vitro  systems. 
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